We aimed to analyze associations between adiponectin, ghrelin and leptin with anthropometric and metabolic markers in men and women with Metformin-treated type 2 diabetes (n=53), recruited from a trial of relaxation therapies. Anthropometrical measures and fasting blood samples were assessed on three occasions: at baseline, and after 10 and 24 weeks: BMI, waist, HbA1c, insulin, glucose, adiponectin, leptin, fasting ghrelin, high sensitivity C-reactive protein (CRP), tumor necrosis factor (TNF-) and interleukin 6 (IL-6). HOMA2ir and HOMA2s were calculated from fasting glucose and insulin, and adiponectin/leptin and adiponectin/HOMA2ir ratios were calculated.
INTRODUCTION
The prevalence of diabetes is increasing worldwide. Diabetes is closely linked to obesity, especially abdominal obesity, insulin resistance and the metabolic syndrome. Currently used prognostic tools, including fasting glucose, HbA1c, and markers of insulin resistance, are being complemented with novel biomarkers. CRP has been shown to be independently associated with risk of cardiovascular events [1] . Several hormones are associated with obesity, i.e. adipokines such as adiponectin, tumor necrosis factor-(TNF ), interleukin-6 (IL-6), and leptin, as well as ghrelin, a peptide hormone secreted from the stomach.
Low adiponectin levels are associated with obesity [2] , and increased risk of cardiovascular diseases [3] , especially coronary atherosclerosis [4] . Low ghrelin levels are associated with insulin resistance [5] , and high levels of leptin are associated with risk of coronary heart disease [6] . Less is known regarding the role of these hormones in subjects with diabetes.
Metformin is recognized as the first line pharmacological treatment of type 2 diabetes. However, as metformin was developed long before these novel biomarkers were measureable, the associations in treated subjects have not been studied thoroughly, compared with newer anti-diabetic drugs.
As diabetic and non-diabetic populations, as well as men and women, vary in their susceptibility to risk factors [7] , we hypothesize that these differences also will be reflected in the levels of biomarkers and their relative associations with anthropometric and metabolic risk factors, which may be of clinical importance.
The aim of this study was to analyze the associations between adiponectin, ghrelin and leptin with anthropometric and metabolic markers in men and women with metformin treated type 2 diabetes.
MATERIALS AND METHODOLOGY

Selection of Patients
The study sample was recruited from four primary health care centers in Stockholm County in a study comparing tactile massage with relaxation exercises in subjects with type 2 diabetes [8] . Patients diagnosed with type 2 diabetes on treatment with metformin were identified from their electronic patient records. Inclusion criteria were 35-75 years of age and a HbA1c level of 52-73 mmol/l (i.e. 6-8% according to Swedish Mono S standard, which is approximately 1 percentage unit lower than the Diabetes Control and Complications Trial, DCCT, standard). To limit possible effects of genetic differences or effects of migration seen in diabetes [9] and cardiovascular disease [10, 11] , the health care centers were asked to recruit Swedish-born subjects with Swedish-born parents for the present study. Exclusion criteria were: heart failure or renal failure, and insulin treatment. Examinations were performed at the baseline investigation, at 10 weeks i.e. the end of the intervention, and finally 12 weeks after the completed intervention. Altogether 53 participants (47% women), age 43-75 years attended the study. Out of these 21 were on lipid-lowering treatment, 12 men and 9 women. One patient had a myocardial infarction during the follow-up. The study received ethical approval by a regional committee at Karolinska Institute. No effect in metabolic control was seen neither with tactile massage nor relaxation in the original study.
Blood Samples and Methods of Analysis
The following metabolic and inflammatory markers were analyzed from overnight fasting blood samples: plasma glucose, B-HemoglobinA1c (B-HbA1c), serum insulin, serum adiponectin, serum leptin, fasting serum ghrelin, high sensitivity C-reactive protein (CRP), serum tumor necrosis factor (TNF-, ELISA, R&D Systems Europe, Ltd) and serum interleukin 6 (IL-6, high sensitivity ELISA, R&D Systems Europe, Ltd). A certified research laboratory performed the analyses (The Laboratory of Clinical Chemistry at Karolinska University Hospital). The Homeostatic Model Assessment (HOMA) was used to calculate the insulin resistance and sensitivity by the computer model (HOMA2) [12] . HOMA uses values of fasting glucose and fasting insulin. Ratios for adiponectin-HOMA2 insulin resistance [13] , and adiponectin/leptin [14] , were calculated. These ratios have been shown to be associated with insulin resistance and insulin sensitivity.
Anthropometry
Weight and length were measured, and body mass index (BMI) was calculated [15] . Waist circumference was measured in a standardized way according the recommendation, i.e. at the midway point between the lower rib and the iliac crest in the upright position [16] .
Statistical Data Analysis
Data were analyzed by the STATA statistical software version 11.
The sample size was based on a power calculation on the intervention with tactile massage in comparison to relaxation exercises [8] . Using HbA1c as the main outcome variable and assuming a difference of 0.5 % units in improvement between the TM and relaxation groups, as the smallest clinically relevant effect, i.e. an improvement of 0.8% vs 0.3%, respectively, with standard deviation of 0.6, this would need 23 subjects in each group, with a power=0.8 and alpha=0.05.
Correlations between new biomarkers and metabolic risk factors were calculated by Spearman's rank sum test. To minimize the risk of mass significance due to multiple testing, all significant findings from the baseline investigation were double-checked at the 10-week and 3-month follow-ups. Each examination was treated as an individual cross-sectional data set in this study. A two-sided p-value of less than 0.05 was regarded significant.
Linear regression models were created, using values from all three occasions, for men and women, with leptin, adiponectin, adiponectin/leptin ratio, ghrelin, CRP, IL-6 and TNF-as outcome variables, and age, weight, BMI and waist circumference as explanatory variables. Weight, BMI and waist circumference were not included in the same model due to collinearity. Besides, models were created with insulin resistance measured as HOMA2ir as the outcome variable, and all factors mentioned above as explanatory.
Factor analysis was performed for men and women separately, using data from all three occasions. Only Eigenvalues > 1 were considered, and factor loading > 0.5. Different rotations were performed to see if there were any consistent patterns, i.e. in Stata Promax, Varimax, Quartimax and Equamax.
RESULTS
Characteristics of men and women are shown in Table 1 . Men showed higher mean weight and waist circumference, a lower leptin value and higher adiponectin/leptin ratio than women. Correlations between different markers of insulin resistance or sensitivity, and adipokines or markers of inflammation, at baseline are shown for men in Table 2 and women in Table 3 . For men, the strongest significant correlations (at least p<0.01) at all three occasions were found between the adiponectin/HOMA2ir ratio and the following variables: insulin, HOMA2ir and HOMA2s. Significant correlations were also found with a p-level of at least <0.05 on all occasions as regards leptin with both BMI and waist; and as regards adiponectin/leptin ratio with the following variables: BMI, insulin, HOMA2ir and HOMA2s. For four of the correlations significant values (<0.05) were found on two out of three occasions, i.e. between leptin and the following variables: insulin, HOMA2ir and HOMA2s; and between CRP and BMI.
For women, the strongest significant correlations (at least p<0.01) were found between leptin with weight and BMI; and between adiponectin/HOMA2ir ratio with the following variables: insulin, HOMA2ir and HOMA2s. Correlations were also found with a p-level of at least <0.05 on all occasions as regards leptin and waist circumference; between ghrelin with the following variables: insulin and HOMA2ir; and between adiponectin/leptin ratio with the following variables: weight and waist circumference. Besides, values were at least p<0.05 on two out of three occasions for correlations between adiponectin and HOMA2ir; ghrelin and HOMA2s; and adiponectin/leptin ratio and BMI.
Results of multivariate linear regression models for men and women separately are shown in Table 4 . Both leptin and adiponectin increased significantly with older age, and for leptin more so among women. Besides, CRP increased in men but decreased in women with older age. Leptin increased in men by waist and in women by weight, adiponectin/leptin ratio decreased by waist in men and by weight in women, and adiponectin and ghrelin decreased by BMI in men and ghrelin by waist in women. Besides, CRP increased by BMI in men. Insulin resistance assessed by HOMA2 decreased in men by adiponectin and increased by leptin, while in women decreased by adiponectin/leptin ratio and ghrelin. In univariate test, leptin was un-significant among women and ghrelin among men, while among women adiponectin was associated with decreased insulin resistance.
Factor analysis was performed using data from all three occasions for men and women separately. Among men six factors were identified, with one factor of insulin-related factors (including insulin resistance and sensitivity), one with anthropometric factors (weight, BMI and waist), one with adiponectin-related factors (including the ratios with adiponectin included), one with glucose (and HbA1c when included in the analyses), one inflammatory (with CRP and IL-6), and finally one with TNF-and ghrelin. Leptin showed similar factor loadings with two of the factors, i.e. the anthropometric and the inflammatory, and was included in the anthropometric factor in three of the rotations, with factor loadings between 0.48 and 0.54, and in the inflammatory in one rotation (Equamax), with factor loading 0.58.
For women, 5 factors were identified, with more differences between the rotations than among men. One factor included insulin-related factors, one anthropometric, one glucose-related, one inflammatory (with CRP and IL-6) and the last one TNF-. Adiponectin was included in the inflammatory factor in three of the rotations, with factor loadings at 0.62-0.63, and in the insulin-related factor in one rotation (Equamax), with factor loading 0.83. Leptin was included in the anthropometric factor, with factor loadings between 0.88 and 0.96. Ghrelin was included in the insulinrelated factor in three rotations, with factor loadings between 0.61 and 0.68, and in the TNF-factor in one rotation (Equamax), with factor loading 0.60. Insulin sensitivity (HOMA2S) was included in the insulin-related factor in three of the rotations, with factor loadings of 0.90-0.95, but in the inflammatory factor in one (Equamax), with factor loading 0.52. The adiponectin/HOMA2ir ratio was included in the insulin-related factor in all rotations, with factor loadings 0.66-0.87, and the adiponectin/leptin ratio in the anthropometric factor in three rotations, factor loadings 0.58-062, and in the insulin-related factor in one (Equamax), with factor loading 0.63.
DISCUSSION
In this sample of metformin-treated individuals with metabolically well controlled type 2 diabetes, we found higher levels of leptin in women than in men as well as different gender patterns for the association between the different variables. Leptin and more so adiponectin/leptin ratio were correlated with metabolic measures among men, while ghrelin showed this correlation pattern among women. Besides, leptin was recognized as a significant factor for insulin resistance among men but not among women.
The factor analysis also showed different patterns among men and women, where leptin clearly groups with the anthropometric factor among women, whereas among men leptin was associated with both the anthropometric and inflammatory factors. Adiponectin, and the ratios including adiponectin, was recognized as a separate factor among men. However, among women adiponectin was included in the inflammatory factor, and also in the insulin-related factor in one rotation, and ghrelin was included in the insulin-related factor in three rotations, and in the TNF-factor in one rotation. Among men, ghrelin was included in the TNFfactor in all rotations.
The association between higher levels of leptin and the anthropometric measures, i.e. weight, BMI and waist circumference showed a somewhat stronger and more consistent association in women. As leptin is secreted by adipose tissue and in direct proportion to the amount of body fat, the relation with the anthropometric variables is expected [17, 18] . The higher level of leptin among women is only partly related to the higher deposit of adipose tissue among women, and it has been hypothesized that women may be resistant to the unfavorable metabolic effects [19] . This is in line with our results of the correlation between leptin and insulin and insulin resistance in men but not in women, and in agreement with findings in an earlier study including obese and never-obese men and women [20] . As regards type 2-diabetes, a review of gender differences concluded, that "men seem more susceptible than women to the consequences of indolence and obesity, possibly due to differences in insulin sensitivity and regional fat deposition" [21] . In Sweden, the prevalence of diabetes in middle age is almost twice as high among men compared with women [22] . One mechanism for this could be that leptin among men but not among women is associated with the development of type 2 diabetes [23, 24] , which was contradicted by findings in another study where leptin, irrespective of gender, was associated with worsening of glucose tolerance independently of baseline obesity [25] . Besides, the results in the factor analysis indicated that leptin seems to be a bridge between obesity and inflammation among men. However, when present, diabetes seem to be more deleterious among women than men [26] , even if this could be due to the presence of more risk factors among women [27] . In contrast to this, a recent study showed the effects after 5-year follow-up in patients with newly diagnosed patients where an increased mortality was salient in men [28] .
In our sample of diabetic patients, adiponectin was associated with lower BMI in linear regression models among men but not in women. In opposite to this, a study on non-diabetic women found that low levels of adiponectin were associated with total and especially central obesity [29] . Besides, recently published findings on a population-based sample showed that adiponectin was correlated with lower amounts of truncal fat but with higher amounts of lower extremity fat [30] , indicating that BMI alone seemed to be rather insensitive in relation to circulating adiponectin levels in non-diabetic individuals.
As regard the on adiponectin/leptin ratio, Inoue et al. concluded that it was superior as a marker of insulin resistance than adiponectin or leptin alone among Japanese diabetic patients [14] , and our results confirm this for men but not for women. However, we found that the adiponectin/leptin ratio did not show better results than As independent factors for leptin, adiponectin, adiponectin/leptin ratio, ghrelin and CRP, age and anthropometric factors were tested, and for HOMA2 insulin resistance (HOMA2ir) also leptin, adiponectin, adiponectin/leptin ratio, ghrelin and CRP, IL-6, and TNF-were tested, by backward selection. Due to collinearity, weight, BMI and waist were not used in the same model. Beta-coefficients, with 95 % confidence interval, are shown.
leptin alone in relation to the anthropometric measures. The adiponectin-HOMA2 insulin resistance ratio correlated well with the HOMA2ir, which is not surprising, and in agreement with a population-based study on elderly Japanese men and women [13] . As there may be differences in anthropometry, pathophysiology of insulin resistance and body composition it is important to study the effects of these ratios in different population samples.
Ghrelin was associated with lower levels of insulin and HOMA2ir and higher levels in HOMA2s, but only among women, which is not described earlier [5] . One possibility is that the pathophysiological mechanisms in diabetes development differ between men and women, with men more susceptible to leptin produced in the adipose tissue, while in women the protective effects of ghrelin produced in the stomach. At least, our results points to gender differences within this respect.
As regards the levels of leptin and adiponectin in men and women, this is analyzed in an article by Kuo and Halpern [18] , using data from 13 studies among men and 15 among women, with in total 4,852 healthy subjects from 43 groups, i.e. 2,416 men and 2,436 women. The subjects in the studies were between 18 and 59 years of age, i.e. younger than in our sample, and with varying BMI, but with mean BMI close to our figures. Mean leptin were 7.75 and 22.5 ng/mL (equal to microg/L) among men and women, respectively, i.e. a statistically significant difference, and mean adiponectin 7.31 and 9.31 microg/mL (equal to mg/L) among men and women, respectively, i.e. non-significant. The mean leptin values were not significantly different from these in our study, but the adiponectin were, for both men and women (p<0.001). As mentioned, our sample consisted of patients with diabetes, treated by metformin, which may explain the lower adiponectin values in our sample. Besides, our sample showed a higher mean age, which also could have affected the values, as both leptin and adiponectin varies by age, as shown in our study.
What also is interesting is the lack of association between IL-6 and TNF-to the markers of body fat, metabolic control and insulin resistance, in line with earlier findings among healthy individuals [18] , and also confirmed by the factor analysis. IL-6 is secreted in subcutaneous adipose tissue, in contrast to TNF- [31] . Furthermore, CRP showed a rather weak correlation with anthropometric and metabolic markers, especially among women, which is somewhat surprising. Gender differences have been described, with CRP related to metabolic disturbances among women but not men [32, 33] . However, the picture in our study could have been obscured by concomitant diseases, why our results on CRP should be interpreted with some caution. Metformin treatment exert some antioxidative properties [34] , but it seems uncertain whether this has an effect on our results regarding inflammatory markers. Besides, the correlations between markers of body fat and of insulin resistance were in general rather weak, with the exception of the correlation between waist circumference and HOMA2s (data not shown). In general, non-significant markers may be of interest for prospective studies as they could add information in addition to classical risk factors [35] , in contrast to highly correlated factors. However, in a study of diabetic patients CRP and IL-6 failed to show important contribution to the atherosclerotic process [36] .
Some correlations and findings in the factor analysis are quite obvious, and could be seen as confirmation of validity of the analyses and need no further comments. This applies for example the high correlations between the adiponectin/HOMA2ir ratio, and insulin, HOMA2ir and HOMA2s, as the insulin values is included in all those markers of insulin sensitivity or resistance.
Limitations of this study included a relatively small sample size. To minimize the influence of type II errors, we chose to verify significant findings at the follow-up visits, and to perform additive analyses to the correlation analysis, i.e. linear regression and factor analysis. Our conservative approach where all findings were verified at three timepoints aiming at reducing type I errors may result in type II errors instead. This may be discussed, but we find this approach appealing [7] . Data in the study are cross-sectional, even though measured on three occasions, and no conclusions on causality may be drawn. Thus, the causality of these associations needs to be tested in prospective studies. Besides, we calculated correlations between HOMA2ir and adiponectin/HOMA2ir ratio, as this ratio has been proposed to be valuable, and we are aware of the obvious relationship when HOMA2ir is present in both variables. Furthermore, even estimation of insulin resistance by HOMA2 correlates well with results of euglycemic clamp, it is recommended that results should be interpreted with some caution in small samples as in our study when based only on one measure of insulin [12] . It should also be noted, that 40% of the patients were prescribed lipidlowering treatment, mostly statins, which also have antiinflammatory effects, why the results of analyses including CRP should be interpreted with caution.
This study has several strengths. The participants were quite homogeneous with fairly strict inclusion criteria, making the results valid for Swedish-born patients with metformin-treated type 2 diabetes. Even if the study design may be regarded as cross-sectional, it is not likely that repeatedly significant findings at follow-ups would be a result of chance. The patients had to most extent no changes made in their therapy, and had ten sessions of relaxation therapy. The fact that the associations remained indicates the findings to be robust and repeatable.
CONCLUSION
In conclusion, we found gender differences in this sample of metformin-treated diabetic patients, where the insulinrelated factors were correlated with leptin among men, and with ghrelin among women. The clinical significance of the gender differences is unclear, but one possibility is that leptin is linked to insulin resistance among men while women are resistant to the effect to the effect of leptin, and among them other factors are of importance of the development of insulin resistance, e.g. low ghrelin levels. Further studies are needed to illuminate possible gender differences in the pathophysiology of insulin resistance, including both samples with newly diagnosed type 2 diabetes, the metabolic syndrome but without diabetes and non-diabetic subjects. Besides, factors showing no or weak statistical significance to the anthropometric and metabolic factors, i.e. CRP, IL-6 and TNF-, may be of particular interest as prognostic markers in future follow-up studies of type 2 diabetic patients, as they are more likely to add new information and thereby more increment prediction than highly correlated factors.
